ABSTRACT
INTRODUCTION

47
The arterial baroreflex (BRx) is essential for robust regulation of cardiovascular function. Rapid
48
BRx-mediated adjustments in heart rate (HR) and arterial blood pressure (BP) are achieved by 49 altering autonomic outflow to the heart and blood vessels (31, 59, 67) . Such BRx responses are 50 dynamically modulated by the pressure-dependent discharge of arterial baroreceptor (BR) affer-51 ents that provide a continuous stream of systemic hemodynamic information to the central nerv-52 ous system and are therefore essential to maintaining cardiovascular homeostasis (1, 10, 26) . cent and emerging studies document sex-related differences in many clinical assessments of in-54 tegrated BRx function (3, 6, 8, 13, 16, 36, 37, 44, 57) . Often, such differences are interpreted rel-55 ative to sex-specific hormonal regulation of autonomic control (15, 19, 22, 68) . However, the 56 underlying mechanisms and physiological significance of such hypotheses derived from both 57 human and experimental animal preparations remain discordant (43, 51, 71, 72) .
58
Recent cellular electrophysiological studies of BR afferent function in rat have led us to 59 consider alternative hypotheses regarding the origins of sexual dimorphism in BRx function (48, 60 60). In female rats, there exists two functionally distinct and comparably sized populations of 61 myelinated BR afferents termed A-and Ah-type (~50% each). In stark contrast, there exists only 62 a single and far more homogeneous population of A-type myelinated barosensory afferents 63 (~98%) in male rats. This is highly significant because BRx modulation of integrated autonomic 64 control of cardiovascular function is closely associated with the neural encoding properties of (38). However, definitive experimental evidence is lacking.
70
The in situ study of the rat aortic BRx has proven to be a particularly useful experimental 71 preparation for elucidating the disparate reflexogenic function of myelinated and unmyelinated 72 barosensory afferents (24, 26, 55) . This is because in the rat BR axons arising from the aorta as-73 semble into a readily identifiable and purely mechanosensory afferent fiber bundle termed the 74 aortic depressor nerve (ADN), the activation of which initiates a rapid reduction in HR and BP 75 solely via the aortic BRx (45, 55, 63) . Barosensory fibers of the ADN have long been classified 76 as either myelinated A-type afferents with diameters in the range of 1 to 7 µm or unmyelinated 77 C-type afferents with diameters in the range of 0.25 to 1.5 µm (9, 27, 28) . Due to widely known A-type and unmyelinated C-type BR afferents (48, 50, 60) . A similar bimodal distribution is evi-88 dent in the frequency-dependent reflex integration of A-and C-type barosensory afferents in 89 male rats (24, 26) . For example, a rapid reduction of 20 -30 mmHg can be elicited either 90 through selective electrical activation of myelinated A-type BR fibers but only at sustained rates 91 of nerve discharge of 50 Hz or higher. In stark contrast, selective activation of unmyelinated C-92 type BR af-93 ferents can elicit a comparable depressor response at nerve stimulation rates below 10 Hz.
94
As the population of myelinated Ah-type BR afferents in male rats may be too small (< 95 2%) to be of functional significance, in situ BRx studies were carried out using a cohort of aged-96 matched female and male rats. Experimental objectives were to first, quantify the functional re- response of the BRx in female as compared to male rats and that these functional differences 102 may account for, at least in part, the enhanced parasympathetic control of BP in females (3, 44). 
MATERIALS AND METHODS
105
All animal use protocols were approved by the IACUC of the Purdue School of Science, IUPUI 106 or the School of Medicine, CWRU. All protocols involved blunt dissection through the superfi-107 cial and underlying musculature of the neck cavity under stereo microscopy (x40) to expose the 108 left ADN for further microsurgical manipulation and experimentation (48). An intraperitoneal
109
(IP) injection of a ketamine/xylazine (0.1 ml/100 g) anesthetic was used in the histological and 110 electrophysiological preparations while an IP injection (0.8 ml/100 g) of a combination of ure-111 thane (800 mg/kg; Acros Organics, NJ) and α-chloralose (80 mg/kg; Fisher Scientific, Pitts-112 burgh, PA) was used for in situ study of the aortic BRx. No attempt was made to assess or con-113 trol for the phase of estrous cycle in female rats.
114
Electron microscopic study of the ADN. The left ADN from age-matched cohorts of fe 115 male (n = 7) and male (n = 7) rats were prepared for electron microscopic (EM) study. A sample 116 of nerve tissue at approximately 5 -8 mm caudal to the tenth cranial (vagal) ganglion was ex-117 cised, pinned to a rubber substrate and immediately immersed in a room temperature PBS solu-118 tion containing 3% paraformaldehyde and 1% gluteraldehyde for one hour. The sample was then 119 stored overnight at 4°C in a PBS solution containing only 3% paraformaldehyde. The tissue was 120 then post fixed with 1% osmium tetroxide and 1% potassium ferricyanide followed by alcohol 121 dehydration of 25% through 100% that included enbloc staining in 1% uranyl acetate. This was 122 followed by immersion in 100% alcohol and propylene oxide for 20 min followed by 3 changes 123 of propylene oxide. The embedding protocol proceeded overnight with the specimens rotating 124 with a mixture of propylene oxide with epon-araldite in a 1:1 ratio, followed by a 4 -6 hour 125 treatment with epon-araldite alone. These prepared nerve samples were embedded in blocks with 126 fresh epon-araldite and cured overnight at 70° C. The samples were sectioned to 90 nm using an 127 ultramicrotome MT-X (RMC, Tucson, AZ) and mounted on formvar/carbon coated 100 mesh 128 copper grids. Following post-staining with 1% uranyal acetate and Reynolds's lead stain, the 129 grids were imaged (15000x, 80kV) using a Tecnai G2 transmission electron microscope (FEI, 130 Hillsboro, OR) equipped with an AMT digital camera. Digital images of each EM section were 131 montaged for reconstruction of the entire cross-section of the left ADN using system software 132 and later delimited to an eight-bit grayscale using ImageJ (65). A common threshold adjustment 133 was made to delineate the external and internal edges of the myelin sheath from surrounding tis- BR nerve fiber. From these two data estimates the myelin sheath thickness, equivalent circular 137 diameters of the axon and BR fiber and the g-ratio, i.e. ratio of the inner axonal diameter to the 138 total outer diameter of the myelinated BR fiber could be resolved.
139
Electrophysiological study of the ADN. The left ADN from age-matched cohorts of fe-140 male (n = 7) and male (n = 9) rats were prepared for a stimulus -recording protocol using a neu- 5 V increments and 6, 8, 10, 12, 15, 18, and 20 V 180 in magnitude were used to test for a depressor response. Each was tested at rates of 1, 2, 5, 10, 
RESULTS
207
We investigated a compendium of neuroanatomical, electrophysiological and reflexogenic prop- The recruitment profiles for these lowest threshold and presumably largest diameter myelinated 
311
The remaining studies were carried out to determine if such a functional bias was pre-312 served across the 0.1 -5.0 V stimulation magnitudes that are almost entirely associated with the 313 selective recruitment of low-threshold, myelinated BR afferents (Figures 2 -4) . At a stimulation 314 intensity of 1.0 V, the average normalized reduction in mean arterial pressure (ΔMAP) from fe-315 male rats was considerably greater than that from male rats across all but the lowest stimulation 316 frequencies ( Figure 6A ). As the stimulation intensity increased from 1.0 to 2.0 V the BRx re-317 sponse in female rats brought about a significantly (p < 0.01) greater reduction in ΔMAP than 318 was observed in male rats at nearly every frequency tested between 1 -100 Hz ( Figures 6B and   319 6C). Such a strong bias toward significantly greater reductions in the ΔMAP from female rats as 320 compared to reductions in ΔMAP from male rats continued through to 3.0 V (data not shown). rats remained 2 -10 fold larger than that from male rats although the greatest differences were 336 concentrated within a region of less than approximately 3.5 V. The numerical difference between 337 these two data profiles revealed a range of stimulus pairs that consistently evoked a much larger 338 reduction in the peak ΔMAP in female as compared to male rats ( Figure 7C , shaded surface 339 highlights differences greater than 10%). Presented as a 2-dimensional contour plot, the darker cond, distinct population of slower conducting myelinated BR fibers in female rats that is not 365 apparent in recordings from male rats (Figures 2 -4), 3) The functional impact of this additional 366 population of low-threshold myelinated BR is a significant enhancement of at least the parasym-367 pathetic mediated depressor response in female rats (Fig. 5 -7) . This is most apparent at stimu- (Figure 1, inset) . No such large myelinated fibers were ob-served in the ADN of female rats. Indeed, in all ADN tissue samples from male rats there were 391 one or more myelinated BR fibers with diameters greater than 6 µm while the largest myelinated 392 BR fiber diameters from female rats never exceeded much more than 5 µm. As a result, the sam-393 ple distribution of myelin area from females was much more compact, exhibiting a much smaller 394 coefficient of variation than that from males, i.e. 0.70 as compared to 1.58, respectively.
395
To date, morphological measures on ADN fibers from female Sprague-Dawley rats has 
404
Despite a significantly larger diameter nerve trunk in males than in females (p < 0.01), we count-405 ed a greater number of myelinated fibers on average per nerve trunk in females than in males, 406 implying a greater packing density for myelinated fibers in female rats. Moore and White (1996) 407 made a similar observation for the sensory branches of the pudendal nerve of female Long-Evans 408 rats (54). Because myelin thickness has a role in determining fiber CV (35, 77), our neuroana-409 tomical data was highly suggestive of potential sex differences in the CV profiles of myelinated 410 aortic barosensory fibers. 
425
Our measured high CV can reasonably be expected to cover the largest diameter fibers (beyond 8 426 µm) if utilizing the well accepted scaling factor of 4.6 (7). Similarly, our selection of a minimum 427 threshold of 10 m/sec for CV in assigning afferent fiber type as myelinated A is consistent with 428 estimates of average myelinated fiber diameter for males (2.45 ± 1.1 µm) and age-matched fe-429 males (2.33 ± 0.8 µm). This estimated lower limit CV agrees with our lab in vitro electrophysio-430 logical (50) data and CV measured in situ by other investigators although the upper limit is high-431 ly variable, likely being influenced by stimulus artifact (9, 61).
432
At slightly higher stimulation intensities but well below the magnitudes necessary for ac-433 tivation of unmyelinated fibers, recruitment of the slower conducting Ah-type afferents became 434 evident in the myelinated CAP traces of female rats (around 0.5V, 3 rd trace from top in Figure 2 ).
435
The longer latency Ah-type CAP component presented with a clear and distinct separation in 436 timing from the faster A-type CAP waveform, although the differences between activation 437 thresholds was quite small, i.e. 0.1 V for A-type and around 0.5 V for Ah-type. This suggests a 438 significant overlap in the distribution of diameters between these two populations of myelinated 439 barosensory fibers in female rats. It is likely that our observations have not been previously re-440 ported because the majority of nerve conduction studies performed on the ADN utilize male rats 441 (24, 25, 55) . In the few instances where female rats were used, data sets of both sexes were com- 
489
At elevated stimulus intensities, our typical depressor responses appear to agree with re-490 sults from Mohamed et al. (1999) where a supra-maximal stimulus intensity of 30 V was used to A recent study by Kim et al. (2011) concluded that sex differences in the BRx control of 537 BP appear to be less evident during BR unloading, i.e. simulated hypotension than BR loading, in females compared to males at lower frequencies than previously reported for stimulus specific 557 for myelinated fiber activation. Collectively, our findings suggest that in vivo the physiological 558 role of the Ah-type BR afferents is to mediate the low-pressure-threshold drive of the BRx po-559 tentially providing an enhanced parasympathetic control of BP in females as compared to males.
560
Although we did not resolve the independent contributions of Ah-type BR fibers to BRx func-561 tion, our result are consistent with the hypothesis that Ah-type BR afferents contribute to the 562 sexual dimorphism observed in basal autonomic BRx function. As such, the "cardioprotection" 
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